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(54) METHOD FOR RECOVERING AND REUSING FIBER FROM FIBER-REINFORCED PLASTIC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable reinforcing fibers to be separated, 
recovered, and reused efficiently without damaging the fibers by bringing a fiber- 
reinforced plastic into contact and reaction with (sub)supercritical water. 
SOLUTION: After a fiber-reinforced plastic is charged into a reactor 1 and water 
supplied from a water cylinder 2 to a water tank 3 is charged into the reator 1 
through a high-pressure pump 4 so that water occupies 1-50vol.% of the reactor 1, 
valves 5, .6 are closed and the reactor 1 is hermetically sealed. Then, a heat 
exchanger 8 and the reactor 1 are heated to 320-500° C with a constant temp, 
bath 7 to bring water in the reactor 1 into a (sub)supercritical state. The reinforced 
plastic is brought into contact with the water in a (sub) supercritical state and thus 
is reacted. The reactor 1 is then returned to normal temp, and the valve 6 is 
opened to separate and recover a gaseous part contg. hydrocarbons, carbon 
dioxide, nitrogen, etc., through a trap 9. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



'[Claim(s)] 

[Claim 1] The fiber recovery reuse approach from the fiber reinforced plastics which 
fiber reinforced plastics are made to contact and react with supercritical water or 
subcritical water within a reactor, dissociate and collect fiber, and are characterized 
by reusing. 

[Claim 2] The fiber recovery reuse approach from the fiber reinforced plastics 
according to claim 1 characterized by processing fiber reinforced plastics with the 
reaction temperature of 300-500-degreeC within a reactor. 

[Claim 3] The fiber recovery reuse approach from the fiber reinforced plastics 
according to claim 1 or 2 characterized by making pH of supercritical water or 
subcritical water into the neutral region of 4-8, and preventing partial hydrolysis of a 
glass fiber. 

[Claim 4] The fiber recovery reuse approach from the fiber reinforced plastics 
according to claim 1, 2, or 3 characterized by making supercritical water or the 
subcritical underwater amount of oxygen below into the equivalent which requires an 
organic macromolecule for oxidizing. 

[Claim 5] The fiber recovery reuse approach from the fiber reinforced plastics 
according to claim 1, 2, 3, or 4 characterized by adding and processing catalysts, such 
as a carbonic acid hydrogen metal salt which promotes the hydrolysis reaction of the 
organic macromolecule component of fiber reinforced plastics. 

[Claim 6] The fiber recovery reuse approach from the fiber reinforced plastics 
according to claim 1, 2, 3, 4, or 5 characterized by refining the front face of the fiber 
separated and collected. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About scrap wood processing of fiber reinforced plastics, such 
as fiberglass reinforced plastics which permeates transportation industry and 
chemistry industry widely, for example, is used for structural materials, such as a 
vessel and an aircraft, or carbon fiber reinforced plastic, especially, this invention 
decomposes the giant-molecule component of fiber reinforced plastics to 
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low-molecular level, and relates to the technique which carries out separation 

recovery and reuses a strengthening fiber component. 

[0002] 

[Description of the Prior Art] Although plastics excellent in the lightweight nature or 
chemical stability which is not in metallic materials, such as iron and aluminum, is used 
for all industrial fields and the life field, the fiber reinforced plastics which blended the 
carbon fiber, the glass fiber, etc. as reinforcing materials are widely used especially for 
the place which needs reinforcement like the structural material of a small vessel or 
the aircraft in it. 

[0003] Although current and the fiber-reinforced-plastics scrap wood superannuated 
and discarded are meanwhile also being generated in large quantities, now, such scrap 
wood is mainly processed by incineration and reclamation. 

[0004] Moreover, the approach using the hydrolysis reaction by high temperature 

steam is also proposed, and the organic macromolecule component of thermoplastics 

and thermosetting plastic can be once decomposed by this approach. 

[0005] Furthermore, these fiber reinforced plastics are ground and there is also an 

example which it is going to use as a bulking agent to building materials or a plastics 

subsistence store. 

[0006] 

[Problem(s) to be Solved by the Invention] However, about reclamation processing, it 
is becoming difficult to secure a reclaimed ground, and the reclamation of the fiber 
reinforced plastics which are not decomposed semipermanently itself is regarded as 
questionable. 

[0007] On the other hand, in order for there to be fear of the secondary disaster by 
generating of a black smoke, harmful gas, or an offensive odor and to heat at the 
elevated temperature more than about 820-degreeC further, an incinerator is 
remarkably damaged in processing by incineration, and there is a problem which 
shortens the life in it. 

[0008] Moreover, an organic component cannot remain in fiber in many cases, and use 
of the hydrolysis reaction by high temperature steam cannot reuse the separated 
strengthening fiber/such as glass and carbon, as they are. 

[0009] Furthermore, possibility that the processing which grinds these fiber reinforced 
plastics will cause problems, such as carcinogenic [ the / with the same dust, such as 
a glass fiber generated at the time of grinding / as an ASU ** strike ], is pointed out, 
and there is a problem in utilization considerably. 

[0010] However, there is no suitable art which solves current and these problems. 
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[0011] Then, this invention offers the fiber recovery reuse approach from the fiber 
reinforced plastics which separate efficiently, and can be collected and reused, 
without moreover damaging the strengthening fiber in fiber-reinforced-plastics scrap 
wood, without discharging a poisonous decomposition product out of a system. 
[0012] 

[Means for Solving the Problem] This invention makes fiber reinforced plastics, such 
as fiberglass reinforced plastics or carbon fiber reinforced plastic, contact and react 
with supercritical water or subcritical water within a reactor, and from fiber reinforced 
plastics, it dissociates, and it collects and reuses fiber, such as a glass fiber or a 
carbon fiber. 
[0013] 

[Embodiment of the Invention] This invention adds water to fiber reinforced plastics, 
such as fiberglass reinforced plastics or carbon fiber reinforced plastic, pH of a 
system is controlled, and by raising temperature, a pressure is also raised, and the 
subcritical state or the temperature, and the pressure below the critical point 
(374.4-degreeC, 22.1 MPa) make it reach to the supercritical beyond it, and 
decompose organic giant-molecule components, such as thermoplastics in said 
fiber-reinforced-plastics scrap wood, or thermosetting plastic, to low-molecular level. 
[0014] Since existence of oxygen, such as air, promotes oxidation reaction, existence 
of oxygen etc. is not necessarily needed in order that the recovery of the inflammable 
oil for carrying out heat utilization although it is made to complete of which a twist 
burns decomposition may decrease but a hydrolysis reaction is mainly used in case it 
decomposes, as for supercritical water or the subcritical underwater amount of 
oxygen, it is desirable to carry out to below the equivalent that requires an organic 
macromolecule for oxidizing. 

[0015] Moreover, in order to prevent partial hydrolysis of fiber, it is desirable to make 
pH of supercritical water or subcritical water into the neutral region set to 4-8. 
[0016] Furthermore, in the system of reaction of a neutral region, hydrolysis may be 
promoted using the hydrogen ion produced from the decomposition product of 
catalysts, such as a carbonic acid hydrogen metal salt which supplies a hydrogen ion, 
thermosetting resin, etc. 

[0017] Reaction temperature can fully be refined by considering as the range of 
320-500-degreeC to extent which can reuse the front face of a glass fiber or a carbon 
fiber. Usually, even if it is the temperature below 300-degreeC, it is possible to 
decompose the organic macromolecule component of thermoplastics or 
thermosetting plastic, but since an organic component remains in fiber, it is not 
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reusable as it is. Moreover, if a temperature up is carried out to the temperature 
exceeding 500-degreeC, since a glass fiber or the carbon fiber itself will receive the 
damage on hydrolysis etc. partially, it is not reusable too. Therefore, when dissociating 
and collecting strengthening fiber components and reusing them, chemical recycle of 
the glass fiber from fiber—reinforced-plastics scrap wood or a carbon fiber is attained 
by setting reaction temperature as the range of 320-500-degreeC, and controlling the 
temperature. 

[0018] Drawing 1 is fiber-reinforced-plastics decomposition / recovery system chart 
by the supercritical water which applied this invention, after it supplies water to a tank 
3 from a water cylinder 2 and prepares water to the decomposition tub 1 with high 
pressure pumping 4 while it puts in fiber reinforced plastics, such as fiberglass 
reinforced plastics or carbon fiber reinforced plastic, into the decomposition tub 1 
used as a reactor, closes bulbs 5 and 6 and carries out full seal of the decomposition 
tub 1. In this case, as for the amount of the water to add, the filling factor 1 - 50 
capacity % extent are suitable to the decomposition tub 1. 

[0019] Then, by heating a heat exchanger 8 and the decomposition tub 1 from the 
outside with a thermostat 7, a temperature up is carried out to the predetermined 
temperature of 320-500-degreeC, and the water in the decomposition tub 1 is 
changed into subcritical and a supercritical condition. 

[0020] In said process, after hold predetermined time amount and water in subcritical 
and the supercritical condition, it return to ordinary temperature, a bulb 6 be open, and 
separation and recovery of the gas part which have hydrocarbons, such as low 
methane of the boiling point, ethylene, ethane, a propane, or a propylene, a carbon 
dioxide, nitrogen, etc. be do through a trap 9. Moreover, in ordinary temperature, its 
separation and recovery of monomers, such as amines, such as alcohols, such as a 
methanol which is a liquid, ethanol, or propanol, monomethylamine generated from the 
nitrogen-containing compound of the amine system used as a cross linking agent, 
ethylamine, or propylamine, styrene which constituted plastics further, and a phthalic 
acid, a decomposition product, etc. and water are performed. Furthermore, the fiber of 
the glassiness generated with predetermined reaction temperature or carbonaceous is 
carried out a ** exception with a suitable filter, and is collected. 

[0021] In a decomposition tub, it is divided into the liquid phase and solid phase at 
least, and an oily part and glass content can be separated and collected completely. 
As a result of collecting without furthermore taking out a part for a gaseous phase out 
of a system and gas chromatograph-mass spectrometers analyzing, it has checked 
having decomposed into the compound of dozens of kinds of gases. 
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[0022] Drawing 2 is the scanning electron microscope photograph of intact 
strengthening fiber and the strengthening fiber after processing, and is drawing 2 . - It 
is [ the intact strengthening fiber shown in (a) and (b), and ] drawing 2 . - When the 
strengthening fiber which processed and collected the fiber reinforced plastics shown 
in (c) and (d) was compared, there is no difference among both and adhesion of the 
excessive organic substance was not accepted in these fibrous compounds at all in 
the result of elemental analysis. Therefore, it was checked that the strengthening 
fiber collected after processing is fiber refined completely. In addition, the collected 
strengthening fiber not only can carry out a reuse to the strengthening fiber for 
building reinforced plastics, but becomes usable to a heat insulator, a sound insulating 
material, or an adsorbent in addition to it. 

[0023] Therefore, in this invention, although it is possible enough to decompose these 

fiber reinforced plastics to low-molecular level, the compounded ingredient can be 

equivalent not only to fiber but the ingredient of any gestalten, for example, can be 

applied also to disassembly of the composite material of an inorganic material or a 

metal fine-particles ingredient-organic material. 

[0024] 

[Example] 

A pressure is returned to atmospheric pressure, enclosing [ a decomposition tub with 
example 1 bulb is filled up with the water of pH7 50%, and teach fiberglass reinforced 
plastics, shut a bulb shut a decomposition tub completely, decompress with a vacuum 
pump, remove air, and ] Ar gas continuously. Subsequently, it is left, while the 
decomposition tub was immersed in the thermostat of 330-degreeC and it had been 
immersed for 30 minutes by the subcritical state. Then, a decomposition tub is taken 
out and it returns to ordinary temperature. The bulb was opened, the gaseous-phase 
sections were collected first, and gas-chromatograph-mass analysis was performed. 
[0025] Inside the decomposition tub, it is divided into two phases of a glass fiber, and 
water and oil, and a glass fiber, and water and oil were separated and collected. 
[0026] Having decomposed into the compound of dozens of kinds of gases was 
checked by the liquid phase and the gaseous phase which were collected. Moreover, 
there is no adsorption of the excessive organic substance in the obtained glass fiber, 
and it was checked that it is the glass fiber refined more completely than elemental 
analysis. 

[0027] By the same approach as the case of example 2 example 1, the decomposition 
tub with a bulb was filled up with water 5.0%, fiberglass reinforced plastics was taught, 
and the decomposition tub was fastened completely. 
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[0028] It is left, while the decomposition tub was immersed in the thermostat of 
330-degreeC and it had been immersed for 30 minutes by the subcritical state. Then, 
a decomposition tub is taken out and it returns to ordinary temperature. The bulb was 
opened, the gaseous-phase sections were collected first, and 
gas-chromatograph-mass analysis was performed. 

[0029] The glass fibers, and the water and oil which had been divided into two phases 
inside the decomposition tub were separated and collected. Having decomposed into 
the compound of dozens of kinds of gases was checked by the collected gaseous 
phase. When the glass fiber to which oil adhered was washed by the tetrahydrofuran, 
there is no adsorption of the excessive organic substance in the obtained glass fiber, 
and it was checked that it is the glass fiber completely refined by elemental analysis. 
[0030] In the same procedure as three to example 6 example 2, it was made to change 
to the filling factor, the reaction temperature, and the processing time of the water 
shown in Table 1, and fiberglass reinforced plastics was processed. 
[0031] 
[Table 1] 
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[0032] In addition, an example 3 is a subcritical state and processed examples 4-6 in 
the state of supercritical. Consequently, having decomposed into dozens of kinds of 
compounds was checked by the liquid phase and the gaseous phase which were 
collected as well as an example 2. When the glass fiber to which oil adhered was 
washed by the tetrahydrofuran, there is no adsorption of the excessive organic 
substance in the obtained glass fiber, and it was checked that it is the glass fiber 
refined more completely than elemental analysis. 
[0033] 
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[Effect of the Invention] 

(1) Conventionally, it reclaims land as industrial waste, and it can be efficient, and can 
decompose and the fiber-reinforced-plastics scrap wood currently incinerated can be 
collected. 

(2) Since a poisonous decomposition product can be collected and refined, without 
discharging out of a system, it is legally [ socially and ] useful. 

(3) Since it can refine and collect, without not grinding a glass fiber but discharging out 
of a system further, it is a safe process to the body or an environment. 

(4) Without damaging an expensive carbon fiber etc., recovery and since it is reusable, 
economical effectiveness is large. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is fiber-reinforced-plastics decomposition / recovery system chart for 
enforcing the approach of this invention. 

[Drawing 2] It is the scanning electron microscope photograph of intact strengthening 
fiber and the strengthening fiber after processing, and is [ - (d) and (15.0 kVxSO.O) are 
scanning electron microscope photographs in which the strengthening fiber after 
processing is shown. ] drawing 2 . - (a) (15.0kVx1.79K) and drawing 2 - (b) and (15.0 
kVx50.0) are intact strengthening fiber and drawing 2 . - They are (c) (15.0kV x1.80K) 
and drawing 2 . 
[Description of Notations] 

1 Tropholytic Layer 

2 Water Cylinder 

3 Tank 

4 High Pressure Pumping 

5 Six Bulb 

7 Thermostat 

8 Heat Exchanger 

9 Trap 



DRAWINGS 
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[Drawing 1] 
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[Drawing 2] 
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0 FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

]3 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



